The BESIII collaboration measured the χ cJ → φK * (892)K decay and found a clean signal around 1412 MeV and width 84 MeV that was associated to the h 1 (1380) production [1] .
As usual in experimental analysis, a Breit-Wigner shaped resonance was added incoherently to a background in the analysis and a fair reproduction of the data was found, except in the region 1550-1600 MeV where the data fall below the fitted results, showing a pronounced dip. In the present note we provide an explanation for this dip which is directly tied to the microscopic production process and the nature of the h 1 (1380) as a dynamically generated resonance.
The low lying axial vector meson resonances are fairly well described in a molecular picture from the vector-pseudoscalar interactions in s-wave using the interaction provided by chiral Lagrangians [2] and a proper unitary procedure in vector-pseudoscalar coupled channels [3] [4] [5] . It is then clear that within this picture the χ cJ → φh 1 (1380) must proceed via the production χ cJ → φV P (with V and P denoting vector and pseudoscalar mesons, respectively), and a posterior interaction of V P that will generate the resonance.
The first step in our analysis is to provide a picture for χ cJ → V V P , where one of the vectors in particular will be the φ. Since we are interested only in the shape of the final K * K mass distribution, we can ignore the strength of this vertex, but we must relate the different possible trios with two vectors and one pseudoscalar. For this we are guided by theory and experiment. From the theoretical point of view we assume that χ cJ is a SU (3) singlet since, made of cc, does not contain light quarks. Then we have a primary structure which is the trace V V P of the vector and pseudoscalar SU(3) matrices
where in P we have considered to the η-η ′ mixing of Ref. [6] .
In the study of the χ c1 → ηπ + π − reaction [7] , it was shown that the structure P P P for the vertex was favored by the experiment and the other possible structures P P P and P 3 were clearly rejected by experiment [8, 9] . In analogy to this, and prior to that work, it was found in Refs. [10, 11] that in the J/ψ → φπ + π − , ωπ + π − reactions the most inportant structure was again V P P , with a small component of V P P . This structure was again used in Ref. [12] to study the J/ψ → η ′ h 1 , ηh 1 , π 0 b 1 reactions in connection with the BESIII experiment [13] , where a fair agreement with experimental results was obtained using the same interaction as in Refs. [10, 11] . In analogy to this, we propose now the structure
which should be dominant, where C is an arbitrary constant. A possible mixture of V V P could change a bit the production rates, but we are only interested in the shape of the K * K mass distribution which is not affected by this small admixture.
Equation (3), using the P and V matrices of Eqs. (2) and (1), gives the structure for term with at least one φ
Given the large mass of η ′ , we neglect it in our study, as was also done in Ref. [4] .
The structure with kaons that we have in Eq. (4) corresponds to theK * K combination of isospin I = 0 and C-parity C = −, with our convention (
This convention is the same one used in Ref. [4] and we can then take the coupling of the h 1 (1380) to the different channels from Ref. [4] . The ηφ term has also I = 0, C = −, as it should be to match, together with the other φ, the χ cJ states.
Next we must look at the spin-parity structure of the vertices for the different χ cJ states:
By analogy to the dd → η 4 He reaction, we take the operator [14] [15] [16] (
in the rest frame of the χ c0 . Since p φ = − p K * − p K , this vertex correlates the spin of the K * with theK or K * momentum and implies p-wave in the K * K interaction, which then will not produce the h 1 (1380) which proceeds via s-wave. This is the first output of our approach, since the assumed nature of the h 1 (1380) has as a consequence that the h 1 (1380) is not produced in the χ c0 → φK * K reaction. This is corroborated by the experimental findings of Ref. [1] .
A suitable operator is
This time there is no correlation between p φ and ǫ K * . The coupling selects the χ c1 polarization along the φ direction and does not interfere with the K * K propagation.
Upon sum over χ c1 polarizations in the square of the vertex, one simply gets a factor p 2 φ without producing any angular dependence in K * K . The K * K system can propagate in s-wave and the h 1 (1380) production is guaranteed.
We can have here the ( ǫ φ × ǫ K * ) operator that couples to J P = 1 + , together with the 0 − of the K − , and also couple the S = 2 of χ c2 with p φ to give a 1 − operator which matches the former quantum numbers. Once again, there is no correlation between the momenta ofK or K * and the ǫ K * polarization, and the K * K pair can interact in s-wave to produce again the h 1 (1380) state. Experimentally one finds that the signal of h 1 (1380) is clearly seen in the χ c1 and χ c2 decays [1] .
Next we must consider that in the experiment the K * is seen as a Kπ state. If we want to have K + K − π 0 , as experimentally measured, we can have
In these processes the K + is in p-wave in the first case and the K − is in p-wave in the second case. There is no interference upon angle integrations between the two mechanisms and their contributions would be the same. Since we are concerned only about the shape of the distributions, we consider only the first mechanism that we depict in Fig. 1 .
producing the h 1 (1380) resonance that decays into K * + K − and later in
The amplitude corresponding to the mechanisms of Fig. 1 is given by
where A is a constant that contains C of Eq. (4) and a factor from the K * → Kπ coupling, and the factor p K − p π must be taken in the K * rest frame. In addition, h K * + K − and h φη are the weights of these states in the H combination of Eq. (4) and h K * K the weight of the
The factor 2 in front of h φη in Eq. (6) stems from the identity of φφ in the Hamiltonian. The coupling g h 1 ,K * K stands for the coupling of h 1 to the combination of Eq. (5), which is the one reported in Ref. [4] . Similarly, g h 1 ,φη is also taken from Ref. [4] . The factor 2 in front of g h 1 ,K * K in Eq. (6) is because of the normalization of this state in H of Eq. (4) compared to the normalization of the K * K wave function of Ref. [4] given in Eq. (5). In addition,
. The couplings of h 1 (1380) to K * K and φη from Ref. [4] are
The D h 1 , D K * propagators of Eq. (6) are given by
with the mass m h 1 and width Γ h 1 of h 1 (1380) in the PDG [17] , and G i are the V P loop functions that we take from Ref. [4] using dimensional regularization with the same subtraction constant. In G K * K , the width of K * is taken into account by means of a convolution using the K * spectral function.
Summing over the K * and h 1 polarizations in Eq. (6), we find
where T is given by
When we sum and average over polarizations in |t| 2 , we find at the end
where in B we concentrate the different constant factors, and the double differential mass distribution is given by [18] 
where
We integrate the differential width of Eq. (14) (12) to
For the χ c2 → φK + π 0 K − we would get the same formulas up to a possible different constant B and the different mass of the χ c2 . We have seen that the shape of the
mass distribution for the χ c2 decay is practically the same as for the χ c1 decay in the range that we are interested in. Actually this is also the case for the BESIII experiment [1] .
Finally, we do not evaluate the mass distribution for the χ c1 → K 0 S K ± π ∓ decay, but based on the possible K * K ,K * K modes leading to this distribution we get a rate twice as large as for the K + K − π 0 decay, as clearly seen in the experiment, and the same shape than the one calculated. In view of these findings, we can compare the results that we obtain, up to an arbitrary normalization, with those of Ref. [1] for the sum of all these modes, which is done to gain statistics.
In Fig. 2 we can see the contribution to
from the first term of T in Eq. (12) (tree level), the second term that contains the h 1 (1380) propagator ("Loop" in the figure) and the coherent sum. The interesting finding is that the tree level, which by itself could be considered a background and contributes basically according to phase space, interferes destructively with the h 1 (1380) signal and the resulting shape is quite different from the one of the h 1 (1380) itself, which has a much broader shape. It is interesting to see that our contribution of the h 1 (1380) alone has basically the same shape as the one of Ref. [1] in Fig. 7 of that work. In addition, in Ref. and the h 1 (1380) contribution is then missed in that analysis. It is clear that our approach will show a dip in the region of 1550-1600 MeV of the
In order to compare the mass distribution
of Ref. [1] , we also add a background and the φ(1680) contribution, since we are not interested in the region where the φ(1850) can contribute. We modify minimally the input of Ref. [1] , but some different normalization is needed in view of the interference that we have mentioned. Our signal for the h 1 (1380) of the peak is multiplied by 1.2 and the background by 1.3 while, we keep the same strength at the peak of the φ(1680) as in Ref. [1] . The results are shown in Fig. 3 . There is also another small difference in the φ(1680) contribution since its decay into K * K must proceed in p-wave and hence we have a contribution of the type
where D is a constant, andp
with M φ(1680) and Γ (0) φ(1680) being the mass and width of φ(1680).
What we see in Fig. 3 is that our approach produces naturally a clear dip in the region of 1550-1600 MeV, while the fit of Ref. [1] gives a distribution that is above the data in that region. It is clear that the experimental fit will give a larger strength in that region than our approach because they do not have the interference of the background with the resonance that we have shown in our approach. Certainly a different fit to the data could have been done putting a tree level and the signal of the h 1 (1380) and letting them interfere, however, in that fit, the strength of the tree level and its sign would be uncorrelated. In our approach the relative strength and sign are given once we assume that the h 1 (1380) is generated from the interaction between pseudoscalar and vector. This is why the dip which we predict for this distribution is tied to the nature of the h 1 (1380) as a dynamically generated resonance, and the fact that this feature is present in the experiment provides a great support for that picture of the h 1 (1380), and by analogy other axial vector meson resonances as dynamically generated from the vector-pseudoscalar interaction.
In summary, based on the picture that the h 1 (1380) is a dynamically generated resonance formed from the interaction of vector-pseudoscalar pairs, mostly K * K −c.c. and φη, we have carried out a study of the χ cJ → φK * K → φK + π 0 K − reaction and related charge channels and have obtained a fair reproduction of the shape of the experimental data. Due to the fact that in this picture the h 1 (1380) is generated from the s-wave V P interaction, we could justify why no h 1 (1380) signal was found in the χ c0 decay, while the signal appeared both in the χ c1 and χ c2 decays. Another remarkable feature of the study was that we could determine the relative strength between the tree level contribution to the process and the one that contains the h 1 (1380) production, and we found a destructive interference between the two processes that significantly distorts the h 1 (1380) signal with respect to the BreitWigner shape and produces a dip in the K + π 0 K − mass distribution around the region of 1550-1600 MeV. This dip is present in the experiment and not reproduced in a picture that sums incoherently the h 1 Breit-Wigner distribution with a smooth background, providing a strong support to the molecular picture of the h 1 (1380) resonance.
